ABSTRACT: A cluster model has been developed to explain the interaction of deformed metals in aggressive corrosion environments. Theoretical calculations have explained the selective dissolution of deformed brass in an acidic sodium chloride solution.
INTRODUCTION
The susceptibility of metalstowards corrosive mechanical destruction is dependent uponthe strength of theirinteractions withaggressive environments in thoseregions wherethe segregation of adsorbed particles can occur (Shchukin 1976) . A quantum-chemical study of the surface phenomenaoccurring during the first stage of such destruction has allowed the prediction of crack formation and enabled new methodsto be developed for predicting the corrosionresistanceof metals (Jydomyrov and Mikheikin 1984) .
The influenceof metal deformation on the adsorption parameters of some simple gases has been investigated previously within the framework of a quantum-mechanical model (Kopylets and Pokhmurskii 1989; Pokhmurskii and Kopylets 1993) which dealt mainly with the activation of atoms and molecules in surface interactions when the metal was subject to elastic deformation. The present study has been devoted to the more complexand specific simulation of the interaction of metal clusters with molecules and ions, and its extension to the situation occurring on a metal surfaceduring its interaction with such an environment. The results of the computerstudies undertaken may be used to obtain an understanding of the processes occurringduring surface reactions and for the prediction of the physicochemical behaviour of solids in their interaction with a corrosive environment.
COMPUTER METHODOLOGY
The initial positions of the internal coordinates of the atoms should be chosen to correspond with the experimental values. If symmetry is present in the system, this must be taken into account in order to reduce the calculation time.A data file is then created and the calculation performed with full optimization of all internal coordinates by the use of the gradient Fletcher-Powell method (Fletcher and Powell 1963) . This allows the equilibrium atom coordinates to be obtained for the cluster/adsorbate system. The electron energy levels of the molecular orbitals (MOs) with their 'First presented at the 3rd Polish-Ukrainian Symposium on Theoretical and Experimental Studies of Interfacial Phenomena and their Technological Application. Lviv, Ukraine. 22-24 September 1998. *Authorto whom all correspondence should be addressed. decay coefficients for all atomic orbitals (AOs) are also determined. The following derived physical parameters for the equilibrium systems are then calculated from these values: the bond order matrix, the highest occupied MO (HOMO) and the lowest unoccupied MO (LUMO). In addition, for the excited state of the system, the interatomic bond energies and the thermodynamic properties, i.e. the enthalpy, entropy and heat capacity (and their dependence on temperature), can be calculated together with the IR and UV spectra.
To calculate the interaction kinetics for the adsorbent/adsorbate system, definite distances, i.e. the reaction coordinates, must be fixed. The energy of the system and its derivatives for chosen points on the reaction path at a given stage during its alteration must also be defined. This establishes the dependence of the energy of the system on the reaction coordinates. Minimum and maximum points (saddle points) for the system can also be determined. The energy difference between the initial point and the saddle points establishes the activation energy.
To define the energy dependence of the system on deformation, the interatomic distances in a cluster along a chosen deformation line were fixed. The quantum-chemical calculations were subsequently completed by computer methods (a Pentium 166 PC was used in the present study) employing the semi-empirical modified intermediate neglect of differential overlap (MINDO) method (Clark 1985) using the parameters for a copper atom.
CLUSTER MODEL
A 38-atom cluster constructed of four elementary face-centred cells where the central atom of the (100) plane was substituted by a zinc atom was chosen. It was assumed that the upper plane of the three-layer cluster was in chemisorptional interaction with hydrated H+ and Cl ions and with water molecules (see Figure 1) . The cluster was deformed by symmetrical tension and compression along a chosen direction so that the newly formed interatomic distances differed from their original values by 2% at a maximum.
RESULTS AND DISCUSSION
In the initial stages of interaction (during the chemisorption period), the hydrated Hp+ ions have the highest heat of chemisorption. The next highest will be the hydrated Cl ions, followed by Na" ions and, finally, by water (see Table 1 ).
If it is assumed that the metal surface first interacts with Hp+ ions, it is possible to calculate the path taken by H+ in its penetration of the cluster, a process which involves only a small activation energy (0.01 eV) in contrast to the corresponding energies for Cl" and Na' ions which amount to several eV. Since Hp+ ions lose their accompanying water molecules in the surface layer to threefold sites, the naked H+ ions can penetrate the bulk of the metal. Under equilibrium conditions, they will be situated at a distance of 0.5 Afrom the surface. As a result, the surface (and especially the Zn atoms) will become positively charged and the interatomic distances will be decreased as follows: Cu·· -Cu by 5%, Zn·· -Zn by 12% and Cu·· -Zn by 18%. The hydrated Cl ions next interact with the metal surface (the activation energy for such interaction not exceeding 0.1 eV) and, as a result, Cl: ions are placed in bridge positions between two Zn atoms (having lost their hydration shells in so doing). Chloride ions, Cl, can also maintain an equilibrium position above the Cu atoms, but their heat of chemisorption in this position is three-times smaller than when the ions are situated over Zn atoms.
When the cluster system absorbs just 1.5 eV of energy (equivalent to the transition of one electron to the lowest unoccupied molecular orbital), an attempt to calculate an equilibrium structure in its path, their interaction energy being 0.6 eV. The reverse adsorption of ZnCl 2 is also possible provided that its distance from the surface does not exceed 2 A. The corresponding energy for the removal of a Cu 2+ ion from the surface is 4 eV and the difference between this value and that quoted above for the Zn 2+ ion determines the peculiarities of surface desorption (dissolution) of the components of brass -zinc and copper -and establishes the priorities among the above reactions.
The next calculation is that of the interaction energies for zinc and copper as their interatomic distance in the cluster is increased, first by 1% and then by 2%. In both cases, a distinct decrease (l 0-20%) in the activation barriers for the surface adsorption of Hp+ and Cl" ions and for the desorption of Zn 2+ was observed. However, for the desorption of Cu 2+ the observed reduction was smaller (3-5%). Such conclusions were found to be accurate to within 0-2% for the case of compressive deformation.
CONCLUSION
Elastic deformation leads to the selective desorption of metal ions from the surface of brass. The results obtained in the present study correlate with experimental data from the dissolution of brass in acidic NaCl solutions (Pokhmurskii et al. 1996) and may serve as a first step in an explanation of the mechanism at the atomic level.
